Background: We hypothesised that lactate concentrations are independently associated with massive transfusion in patients with primary postpartum haemorrhage. Moreover, combining lactate concentrations with the shock index, defined as the ratio of heart rate to systolic arterial blood pressure, can improve the predictive performance for massive transfusion. Methods: We retrospectively analysed patients with primary postpartum haemorrhage in the emergency department of a tertiary referral centre in Korea between January 1, 2004 and December 31, 2015. Results: Of the 302 patients, 101 (33.4%) patients required massive transfusion. Lactate concentration was independently associated with the requirement for massive transfusion [odds ratio, 1.56; 95% confidence interval (CI), 1.31e1.87; P<0.01]. The area under the receiver operating characteristic curve of lactate concentration and shock index for massive transfusion was 0.788 (95% CI: 0.736e0.840; P<0.01) and 0.776 (95% CI: 0.717e0.836; P<0.01), respectively. Lactate elevation (>4.0 mM L
Postpartum haemorrhage (PPH) is a major cause of maternal morbidity and remains one of the top five causes of maternal mortality in both developed and developing countries. 1 To optimise patient outcomes, prompt and objective recognition of PPH patients with severe haemorrhage (i.e. those who require massive transfusion during the immediate phase of resuscitation, including fluid and blood transfusion) is important. 2 However, previous studies showed that blood loss estimation by obstetricians or emergency physicians was neither precise nor accurate, and such estimates could potentially be misleading if used in clinical decision making. 3e7 Therefore, instead of blood loss estimation, objective parameters are needed to predict the severity of haemorrhage and thus the need of massive transfusion. Recent studies reported that shock index, defined as the ratio of heart rate (HR) to systolic arterial blood pressure (BP), better predicts massive transfusion compared with traditional vital signs in trauma patients. 8e12 To address such issues, we previously confirmed that an increased initial shock index is associated with the need for massive transfusion in patients with primary PPH. 2 Additionally, lactate is a better predictor than systolic BP for blood requirements in trauma patients and is a robust predictor of the requirement for massive transfusion in haemodynamically stable shock patients. 13e15 However, it is unknown whether initial blood lactate concentrations at the time of admission to the emergency department are associated with the need of massive transfusion in patients with primary PPH. Herein, we aimed to determine whether initial lactate concentrations were independently associated with the need for massive transfusion in patients with primary PPH and whether combining initial lactate concentrations with the initial shock index improved the predictive performance for the required massive transfusion.
Methods

Study design and study populations
The study was approved by the institutional review board of our institution and the requirement for written informed consent was waived by the institutional review board because of the retrospective nature of the study. This retrospective observational study was conducted in the emergency department of a 2800-bed, university-affiliated, tertiary referral centre in South Korea. All patients with primary PPH who were referred to the emergency department and had blood lactate concentration test between January 1, 2004 and December 31, 2015 were included. The study patients were initially identified via a hospital computer database system using a hospital discharge diagnosis of 'PPH'. Primary PPH was defined as haemorrhage requiring transfusion or fluid resuscitation within the first 24 h of delivery. All patients included in this study did not deliver at our hospital but were referred to our emergency department for the evaluation and management of PPH from other hospitals or obstetric clinics after delivery. Patients were excluded if their lactate concentrations were not assessed at presentation in the emergency department or had incomplete data.
When patients with primary PPH visited our emergency department, blood lactate concentration test was performed within minutes of arriving at the emergency department. Blood lactate concentrations were measured in arterial whole blood by using a point-of-care blood gas analyser [GEM Premier 3500 with Iqm (Bedford, MA, USA), which can detect a lactate range of 0.3e15.0 mM L À1 and could be assessed within 1 min.
The primary outcome of this study was the requirement of massive transfusion. Massive transfusion was defined as transfusion of 10 units or more of packed red blood cells within the initial 24 h after the onset of PPH. 2 We calculated both the amount of blood that was transfused before arrival at the emergency department and the amount of blood that was transfused after arrival at the emergency department (in the emergency department and in the ICU or general ward) to determine the massive transfusion.
Patients were classified into two groups: the massive transfusion group was defined as patients who required massive transfusion and the non-massive transfusion group was defined as patients who did not. And the baseline, clinical characteristics, and initial laboratory findings were compared between two groups.
Data collection
Baseline and clinical characteristics of all patients, including age, parity, type of delivery, initial mental status, initial vital signs, initial laboratory findings, and amount of blood transfusion, and clinical outcome including embolisation, hysterectomy, length of hospital stay, ICU admission, and in-hospital death, were retrieved from electronic medical records. Initial mental status was assessed by the Alert/Verbal/Painful/Unresponsive scale at the triage stage as soon as the patient arrived at the emergency department. Initial vital signs, including systolic BP, diastolic BP, HR, and body temperature, were also measured at the triage stage. Initial shock index was calculated from initial vital signs. Because there were no transfusion guidelines for patients with primary PPH or guidelines for massive transfusion in other conditions in our institution during the study period, the decision about whether blood transfusion was performed, the type, and amount of blood in patients with primary PPH was made entirely at the discretion of emergency physicians or obstetricians treating the patient. Data collection was performed by two emergency physicians using a pre-drafted data abstraction form. The completion and accuracy of each data abstraction form was verified by one of the two emergency physicians.
Statistical analyses
The data are presented as medians and interquartile ranges for continuous variables and as absolute or relative frequencies for categorical variables. A combination of lactate concentrations and the shock index, a ratio of heart rate with systolic blood pressure, increases the predictive value for massive transfusion from moderate to good. Point-of-care lactate measurements in the emergency setting may facilitate early treatment of haemorrhagic shock after labour.
used. Continuous variables were analysed for normal distribution with the KolmogoroveSmirnov test; subsequently, either the Student's t-test or the ManneWhitney U-test was performed depending on the distribution. Multivariate logistic regression analyses were used to identify independent factors associated with the requirement of massive transfusion, and all variables associated with the requirement of massive transfusion in univariate analyses were included in the logistic regression analysis. Stepwise modelling was used to screen potential variables for inclusion in the final model. Results of the multivariate logistic regression analyses were reported as odds ratios and 95% confidence intervals (CIs). The area under the receiver operating characteristic curve was computed to determine diagnostic accuracy. Sensitivity, specificity, positive predictive values, and negative predictive values of lactate concentrations, shock index, and combined lactate concentrations with shock index values for predicting the need for massive transfusion were defined. A two-sided P<0.05 was considered statistically significant. All statistical analyses were performed using PASW Statistics for Windows Version 23.0 (IBM Corp. in Armonk, NY, USA).
Results
A total of 390 patients with primary PPH over the study period were enrolled. Of these, 85 patients without assessment for initial blood lactate concentrations and three patients with incomplete data were excluded, leaving 302 patients in the final analysis (Fig. 1) . Comparison of data between the included and excluded patients is seen in Supplementary   Fig 1. Flow diagram of study population. ED, emergency department; MT, massive transfusion; PPH, postpartum haemorrhage. Table 2 . Patients who required massive transfusion had higher lactate concentrations; lower haemoglobin, haematocrit, and platelet counts; prolonged prothrombin time; more units of blood components; and more embolisation compared with those who did not. In addition, patients who required massive transfusion had increased length of hospital stay and required higher ICU admission compared with those who did not. In-hospital death was not statistically different between the two groups, but all of the deaths in our study were patients who required massive transfusion.
We used the multivariate analysis using a backward stepwise logistic regression model to identify independent factors associated with the requirement of massive transfusion, as indicated in Table 3 . Based on the univariate analysis results, initial mental status, systolic BP, diastolic BP, HR, shock index, and lactate concentrations were included in multivariate logistic regression analysis. It showed that initial mental status, systolic BP, diastolic BP, and HR were not independently associated with the requirement of massive transfusion. Initial shock index and lactate concentrations were the only variables associated with the requirement of massive transfusion, with odds ratio of 10.26 (95% CI: 3.69e28.56; P<0.01) and 1.56 (95% CI: 1.31e1.87; P<0.01), respectively (Table 3 ). In the receiver operating characteristic curve analysis of the requirement of massive transfusion, areas under the curve of lactate concentration and shock index were 0.788 (95% CI: 0.736e0.840; P<0.01) and 0.776 (95% CI: 0.717e0.836; P<0.01), respectively (Fig. 2) . Shock index elevation (>1.0) was associated with a specificity of 78.7% and a positive predictive value of 58.7% for required massive transfusion, and lactate elevation (>4.0 mM) was associated with a specificity of 86.1% and a positive predictive value of 67.8% (Table 4) . When combining a lactate concentration of >4.0 mM with a shock index of >1.0, the specificity and positive predictive value increased to 95.5% and 82.4%, respectively. However, when these two values were combined rather than shock index or lactate concentration, the sensitivity and negative predictive value decreased to 41.2% and 76.2%, respectively.
Discussion
We identified that initial lactate concentration is independently associated with the need for massive transfusion in emergency department patients with primary PPH, and combining initial lactate concentration with shock index improves predictive performance for the requirement of massive transfusion when compared with either variable alone. These findings suggested that the simple calculation of shock index from initial vital signs and point-of-care lactate testing in the emergency department is an efficient means to identify patients with primary PPH in need of massive transfusion. To the best of our knowledge, our present study is the first to evaluate the potential utility of initial lactate concentration to guide transfusion therapy during the immediate phase of resuscitation for emergency department patients with primary PPH. Early identification of PPH patients with severe haemorrhage and timely resuscitation of these patients is crucial for optimising care, efficiently allocating resources, and ascertaining patient disposition. 2 Moreover, because many hospitals in rural or small communities that provide maternal services do not have the same resources as in most urban centres, developing a comprehensive plan for dealing with obstetric emergencies such as PPH is important. 16 In particular, these small centres should consider establishing guidelines regarding appropriate case selection to triage or transfer patients to higher-level centres. 16 However, it has been difficult to identify high-risk patients requiring massive transfusion against the backdrop of severe haemorrhage. 2 Our previous study found that shock index was independently associated with the need for massive transfusion, and in the normal shock index group ( 0.7), the massive transfusion rate was 0.0%. 2 In the group with shock index of 1.3 or greater, 66.7% of patients required massive transfusion. 2 However, it was not possible to determine the optimal cut-off shock index value for massive transfusion because of insufficient sample size (n¼26). Recently, Le Bas and colleagues 17 evaluated the normal range for the 'obstetric shock index' after birth and its usefulness as an aid to estimate blood loss in PPH. They reported that the normal shock index range should be 0.7e0.9 and suggested that a shock index of >1.0 seems to be a useful adjunct in estimating blood loss in cases of massive PPH and in predicting the need for blood and blood product transfusion. This is consistent with the present result that an elevated shock index value (>1.0) was associated with a specificity of 78.7% and a positive predictive value of 58.7% for required massive transfusion. Lactate is the cellular by-product of anaerobic metabolism. Tissue hypoxia causes increased lactate concentrations because of reduced components of systemic oxygen delivery, including haemoglobin concentrations, oxygen saturation, and cardiac output, until oxygen extraction no longer maintains oxygen availability to meet cellular demands. 18 In addition, after haemorrhagic shock, aerobic glycolysis may increase lactate, which has been linked to Naþ/Kþ pump activity in the smooth muscles and other tissues, without anaerobic metabolism as a result of tissue hypoxia. 19, 20 Therefore, increased lactate concentration in haemorrhagic patients may indicate a hypovolemic shock state earlier than traditional markers such as haemoglobin concentrations, tachycardia, and blood urea nitrogen concentrations. In this regard, two studies on trauma patients have been reported. 13, 14 According to a study by Brooke and colleagues, 13 lactate is a better predictor concerning blood requirements in trauma patients compared with systolic BP. Another study reported that a lactate concentration of >4 mM L À1 upon admission is a robust predictor of massive transfusion requirement in haemodynamically normal trauma patients.
14 Point-of-care testing of lactate has become available in the emergency department, and its rapid availability and accuracy have been validated. 15 In the present study, the receiver operating characteristic curve analysis of lactate, which predicted the requirement of massive transfusion, showed an area under the curve of 0.788 (95% CI: 0.736e0.840), which suggested acceptable discriminating power. When applying the generally accepted lactate upper value of 4.0 mM, there was 79% specificity and 59% positive predictive value for predicting the requirement of massive transfusion. 14 Thus, lactate is a viable tool for risk stratification in predicting the requirement of massive transfusion in patients with primary PPH. Furthermore, combining elevated lactate concentrations with elevated shock index improved the predictive performance, particularly, the specificity and positive predictive value up to 96% and 82%, respectively. There were several limitations to our study. First, this study was retrospective, making our findings vulnerable to biases and confounding factors. In addition, point-of-care testing for lactate concentrations was not performed on all patients with primary PPH who visited our emergency department during the study period. Therefore, this can increase the potential risk for selection bias. However, because there were no significant differences in the other characteristics and outcomes except for the amount of transfusion in the comparison between the included patients and the excluded patients, it was presumed that the selection bias was somewhat offset (Supplementary  Tables S1 and S2 ). Subsequently, prospective research will be required to clarify and validate our results. Second, we analysed only patients who presented to the emergency department of a single medical centre. Thus, it would be difficult to apply our results to patients in the labour and delivery unit of a hospital, the obstetric clinic, or other institutions. Third, the study period was relatively long (i.e. 11 yr). Therefore, these changes may have affected the clinical outcome, as treatment guidelines and clinical practices for primary PPH have evolved overtime. Fourth, whether blood sampling for lactate testing is performed before or during transfusion or fluid resuscitation, and the extent to which transfusion or fluid resuscitation has been performed, may affect lactate concentrations. However, because this study was retrospectively conducted, we could not get accurate data related to the time factors, and as a result the statistical analysis could not include it. Finally, the discriminating power of combined lactate and shock index in predicting the requirement of massive transfusion may not be high enough, although we consider these results to be clinically meaningful.
In conclusion, in this retrospective study, we found that point-of-care testing of lactate concentrations in the emergency department can predict the requirement of massive transfusion and increased morbidity in patients with primary PPH. Combining initial lactate concentrations with initial shock index can improve the predictive performance of needing massive transfusion when compared with either variable alone. Measuring lactate may be a promising tool for the rapid risk stratification of patients with primary PPH in need of massive transfusion and further focus on early interventions to control bleeding.
